Social  Network  Analysis 

of  Crowds 

Target  Behavioral  Response  Laboratory,  ARDEC  & 
Stress  and  Motivated  Behavior  Institute,  NJMS 


Elizabeth  Mezzacappa,  PhD;  Gordon  Cooke,  MEME;  Kenneth  Short,  PhD;  Charles 
Sheridan,  MA,  Gladstone  Reid,  MSBME,  Kevin  Tevis,  BSME;  Robert  DeMarco, 
MSBME;  John  Riedener,  MSSE;  Nasir  Jaffery,  MBA;  K.Kenneth  Yagrich,  BSME 


US  Military  Academy  Network  Science  Workshop, 
West  Point,  New  York 
October  29,  2009 


,  National 
Quality 
Award 

2007  Award 
plant 


Distribution  Statement  A 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Form  Approved 
OMB  No.  0704-0188 


Report  Documentation  Page 


Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 


1.  REPORT  DATE 

29  OCT  2009 

2.  REPORT  TYPE 

Conference  Presentation 

3.  DATES  COVERED 

00-00-2008  to  00-00-2009 

4.  TITLE  AND  SUBTITLE 

Social  Network  Analysis  of  Crowds  Presented  at  the  Fourth  USMA 
Network  Science  Workshop/First  USMA  Tactical  Ground  Reporting 
(TiGR)  Workshop,  29  October  2009,  West  Point,  NY 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Elizabeth  Mezzacappa;  Gordon  Cooke;  Kenneth  Short;  Charles 

Sheridan;  Gladstone  Reid 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Army,  ARDEC,  Target  Behavioral  Response 

Laboratory  ,RDAR-EIQ-SD, Building  3518,Picatinny 

Arsenal, NJ, 07806-5000 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS (ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

The  other  authors  are  Robert  DeMarco,  John  Riedener,  Nasir  Jaffery,  and  Kenneth  Yagrich. 

14.  ABSTRACT 

We  will  present  findings  from  our  ongoing  experimentation  using  the  Crowd  Behavior  Testbed.  For  the 
last  two  years,  the  Target  Behavioral  Response  Laboratory  has  conducted  laboratory  research  on  crowd 
behavior  in  response  to  simulated  non-lethal  weapons.  Data  and  results  from  this  testing  will  be  presented. 
Subjects  participated  in  an  experiment  investigating  crowd  behavior  and  response  to  a  control  force. 
During  the  entire  time  that  subjects  were  participating,  crowd  behavior  and  interactions  were  videotaped. 
Videotape  recordings  of  interactions  during  engagements  with  control  force  and  informal  interactions 
between  crowd  members  were  coded  for  inter-member  interactions.  These  social  communications  and 
interactions  were  subjected  to  social  network  analysis  to  identify  leaders  and  other  influential  crowd 
members,  hubs,  isolates,  dyads,  triads,  and  clusters  of  nodes  (individuals).  Two  other  sources  of  data  were 
analyzed  using  network  analysis.  Before  the  study,  subjects  identified  the  individuals  they  had  known 
before  the  test.  After  the  main  crowd-control  force  experiment,  subjects  also  identified  those  they  thought 
acted  as  leaders  or  were  highly  capable  of  influencing  the  crowd.  Social  network  analysis  was  then 
conducted  to  identify  patterns  of  pre-existing  social  bonds  as  well  as  to  identify  informally  nominated 
leaders  in  the  group.  Procedures  to  characterize  crowds  based  on  social  network  analysis  methods  will  be 
presented. 

15.  SUBJECT  TERMS 

non-lethal  weapons;  social  network  analysis;  crowd;  control  force;  videorecording;  human 
experimentation;  Target  Behavioral  Response  Laboratory  laboratory  method;  behavior  coding 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

18.  NUMBER 

19a.  NAME  OF 

OF  ABSTRACT 

OF  PAGES 

RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Public 

Release 

36 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


,  National 
Quality 
Award 


Large  numbers 

Heterogeneous 

Individual  Actors 

Interdependence 

Language  Barriers 

Empirical  testing  is 
difficult 

Simulations  require 
models  based  on  real 
data,  otherwise  they  are 
fiction 


UNCLASSIFIED-  Approved  for  Public  Release  2 


Crowd  Research 


2007  Award 
.rciplcnc 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


RDECOM 


Target  Behavioral 
Response  Laboratory 


,  National 
Quality 
Award 


Gather  empirical  data  on 
real  human  behavior  in 

response  to  non-lethal 
weapons  and  systems 
with  real  people  in 
tactically  relevant 
situations 


1 3-Feb-1 5  UNCLASSIFIED-  Approved  for  Public  Release  3 


f  200?  Award 
Recipient 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


^oFanMM  Method:  Lab  Experimentation 


Group  of  19  individuals 

Halt  Approach  Scenario 
(“Deny  access  into/out 
of  an  area  to 
individuals”  jnle/cba) 

Video  recording  of 
crowd-control  force 
interaction 

Simulated  stand-off 
weapon 

Self- 

Report  Questionnaires 


13-Feb-15  UNCLASSIFIED- Approved  for  Public  Release  4 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Indoor  Crowd  Behavior  Testbed  Layout 


KnrcnM}  Threat  Streamlines 


>^'V 


Custimnoi. 


r  National 
QuaUty 
Award 

2007  Award 
plant 


Hand-to-Hand  Combat  Weapon 

- 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 — 


_l _ I _ I _ 1 _ l_ 


_l _ I _ I _ l_ 


meters 


Stand-off  Weapon 


UNCLASSIFIED-  Approved  for  Public  Release  9 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


vvFnoMM  Importance  of  Social  Factors 


Response  to  non-lethal  weapons  fire 
depends  on  social  relationships  among 
crowd  members 

-  Pre-existing  Personal  Relationships 

-  Ongoing  Real  Time  Social  Interactions 

-  Formal/Informal  Hierarchies 


,  National 
Quality 
Award 

2007  Award 
plant 


•  Therefore  need  method  to  assess  social 
factors 

•  Social  Network  Analysis 


13-Feb-15  UNCLASSIFIED- Approved  for  Public  Release  10 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


PaxCustin^jw 


Social  Bonds 
Self-Report 

Crowd  Social  Interactions 
Observed  on  Video 


Leader  Nomination 
Questionnaire 


,  National 
Quality 
Award 

2007  Award 
plant 


13-Feb-15  UNCLASSIFIED- Approved  for  Public  Release  11 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


RrmnfMp  Social  Network  Analysis 


,  National 
Quality 
Award 

2007  Award 
plant 


►  19x19  matrix  submitted  to  networking 
analysis  software 

►  ORA  Version  1.9. 5.4. 3,  Dr.  Kathleen  M. 
Carley,  Center  for  Computational  Analysis  of 
Social  and  Organizational  Systems  (CASOS), 
Institute  for  Software  Research  International 
(ISRI)  School  of  Computer  Science  (SCS) 
Carnegie  Mellon  University 

►  Visualization  for  insight 

►  Numerical  Sociometrics  outputted  for  formal 
analyses:  density,  isolates,  linkages  among 
nodes 


13-Feb-15  UNCLASSIFIED- Approved  for  Public  Release  12 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Do  you  know  anyone  else  who  is  participating  in  the 
study  today? 

Yes  No 

If  yes,  please  indicate  who  you  know  based  on  the 
subject  number  assigned  to  them  (on  their  tee 
shirt  or  folder).  Please  circle  their  numbers  below: 

I  23456789  10 

II  12  13  14  15  16  17  18  19  20 


,  National 
Quality 
Award 

2007  Award 
plant 


13-Feb-15  UNCLASSIFIED- Approved  for  Public  Release  13 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


RDECOM 


Social  Interactions 


•  Videotapes  coded  for  pair-wise 
social  interaction  among  crowd 
members: 

-Verbal  communication,  physical 
contact,  gestures,  non-verbal  auditory 
signaling 


-  Scored  three  2-minute  epochs 
before/during  crowd-control  force 
interaction 


,  National 
Quality 
Award 

2007  Award 
plant 


-  Inter-rater  reliability  .94 

1 3-Feb-1 5  UNCLASSIFIED-  Approved  for  Public  Release  1 5 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Sub  1 

Sub  2 

Sub  3 

Sub  4 

Sub5 

Sub  6 

Sub  7 

Sub 

Sub  1 

0 

0 

0 

0 

0 

1 

0 

Sub  2 

0 

0 

0 

0 

0 

0 

0 

Sub  3 

0 

0 

0 

0 

0 

O 

0 

Sub  4 

0 

0 

0 

0 

0 

0 

0 

Sub  5 

0 

0 

0 

0 

0 

0 

0 

Sub  6 

1 

0 

0 

0 

0 

0 

0 

Sub  7 

0 

0 

0 

0 

0 

O 

0 

SubS 

0 

0 

0 

0 

0 

0 

1 

Sub  9 

0 

1 

1 

0 

0 

0 

0 

Sub  10 

0 

0 

0 

0 

0 

0 

0 

Sub  11 

0 

0 

0 

0 

0 

0 

1 

Sub  12 

0 

0 

0 

0 

0 

0 

0 

Sub  13 

0 

0 

0 

0 

0 

0 

0 

Sub  14 

0 

0 

0 

0 

0 

0 

0 

Sub  15 

0 

0 

0 

0 

0 

O 

0 

Sub  16 

0 

0 

0 

0 

0 

0 

0 

Sub  17 

0 

0 

0 

0 

0 

0 

0 

Sub  18 

0 

0 

0 

0 

0 

0 

0 

Sub  19 

0 

0 

0 

0 

0 

0 

0 

Sub  12 


Sub  4 


Sub  15 


Sub  5 


Sub  10 


Sub 

Sub  6 


Sub  S 

Sub  7 

Sub  11 

Sub  17 

Sub  19 


Sub  13 

Sub  2  Sub  9  Sub  3 

Sub  14 


Social  Interaction  Middle 


Sub  IS 


RDECOM 


Leader  Nominations 


Was  there  a  person  (or  people)  in  your  group  that  you 
considered  to  be  a  leader  (or  leaders)? 

Yes  No 

If  yes,  please  indicate  all  the  people  that  you  thought 
were  leaders. 


Please  circle  their  numbers  below: 

I  2  3  4  5  6  7 

II  12  13  14  15  16  17 


8  9  10 

18  19  20 


,  National 
Quality 
Award 

2007  Award 
plant 


1 3-Feb-1 5  UNCLASSIFIED-  Approved  for  Public  Release  20 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


S^-Waoi 


i  Sub  13  i 


Sub  10 

i Sub  11  j 

V_y  Sub  8 


Leadership  Nominations 


RDECOM 


Numerical  Sociometrics 


vaxCustimjiRA 


Social  Bonds 

Early  Interactions 

Late  Interactions 

Leadership 

Node  Count 

19 

19 

19 

19 

Density 

0.0117 

0.1257 

0.0936 

0.0526 

Fragmentation 

0.9883 

0 

0.7485 

0.4678 

Isolate  Count 

15 

0 

4 

5 

Link  Count 

4 

43 

32 

IS 

Centralization 

0.049 

0.5114 

0.2059 

0.1585 

,  National 
Quality 
Award 


1 3-Feb-1 5  UNCLASSIFIED-  Approved  for  Public  Release  23 


2007  Award 
criplent 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


RDECOM 


Social  Network  Analysis 

of  Crowds 


Ongoing  experimentation 

Network  analyses  yield  quantitative 
methods  for  crowd  psychosocial 
characterization 

Can  be  used  to  examine  questions 
of  social  factors  that  moderate  crowd 
responses  to  non-lethal  weapons 
ana  systems 

-  Prior,  existing  social  relationships 

-  Real  time  social  interactions 

-  Formal/informal  hierarchies 


1 3-Feb-1 5  UNCLASSIFIED-  Approved  for  Public  Release  24 


2007  Award 
criplent 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


PaxCustin^jw 


^t,Sa 

Distance  covered  in  interval 

Vt,Sa 

Instantaneous  Velocity 

IDt,Sa,Sb 

Interpersonal  Distance  between  any  pair 
of  subjects 

CDtcSa 

Distance  between  control  force-subject 
pairs 

CIDt,c,c 

Interpersonal  Distance  between  any  pair 
of  control  force 

,  National 
Quality 
Award 

2007  Award 
plant 


UNCLASSIFIED-  Approved  for  Public  Release  26 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


S^-Waoi 


,  National 
Quality 
Award 

2007  Award 
plant 


eg, 

Geometric  Center-  middle  of  extrema 

Cdt 

Centroid-  mean  of  subject  positions 

Dt 

Dispersion-  mean  subject  radii  from  centroid 

LE,  TEt 

Leading/Trailing  edge-  max/min  along  the  approach  axis 

Pt 

Density-  pt=  N  /  7iDt2 

CDmint 

Minimum  distance  between  any  subject-control  force  pair 

aOt  aVt 

Deviation  of  Orientation/Velocity-  StDev  of  all  subjects 
head  orientation  or  velocity 

Vct 

Bulk  velocity  of  crowd-  rate  of  change  of  centroid 

Defined  time  periods  based  on 
events  dependent  on  the  construct 
or  scenario  used. 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 
UNCLASSIFIED- Approved  for  Public  Release  27 


£•*>«***£ 


Each  subjects  path  of 
movement  considered 
separately. 


Coordinate  conversion  so 
Control  Force  is  origin. 

Subject  locations  grouped 
into  cells. 

Resulting  vector  for  a  cell 
is  the  average  vector  from 
all  data  in  that  cell. 


,  National 
Quality 
Award 

2007  Award 
plant 


Stream  lines  built  from 
Vector  Field. 

UNCLASSIFIED-  Approved  for  Public  Release  28 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Custimiioi 


„  National 
OuaUty 
Award 

r  2007  Award 
Recipient 


Centroids 


lla.  Baseline 

6  i - - - - - 


0  200  400  600  800 

Frame  (30/s) 


Centroid 

Measures 


lib.  Standoff  Weapon/Threat 
6  | - 1 


_  4 
£ 


a) 


0  200  400  600  800 

Frame  (30/s) 


11c.  Hand  Weapon/Threat 
6 1 - 


_  4 
£ 


0) 


Frame  (30/s) 


lid.  Standoff  Weapon/NoThreat  lie.  Hand  Weapon/No  Thr  eat 


4 

0  200  400  600  800 

Frame  (30/s) 


UNCLASSIFIED-  Approved  for  Public  Release  29 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


'V330HI 


,  Nationa 
OuaUty 
Award 

r  2007  Award 
Recipient 


12a.  Baseline 


Frame  (30/s) 


12b.  Standoff Weapon/Tlireat 


Frame  (30/s) 


Leading  Edge 
Measures 


12d.  Standoff  Weapon/NoThr  eat 


Frame  (30/s) 


12c.  Hand  Weapon/Tlir  eat 


0  200  400  600  800 

Frame  (30/s) 

12e.  Hand  Weapon/No  Threat 


0  200  400  600  800 

Frame  (30/s) 


UNCLASSIFIED-  Approved  for  Public  Release  30 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


RDECOM 


Dispersion 


,  Nationa 
OuaUty 
Award 

r  2007  Award 
Recipient 


14a.  Baseline 


14b.  Standoff Weapon/Thr  eat 


Frame  (30/s) 


0 1 — — J‘ - -*= — — - J 

0  200  400  600  800 

Frame  (30/s) 

14d.  Standoff  Weapon/NoThi  eat 


Dispersion 
Measures 
(Average  Radi 


Frame  (30/s) 


14c.  Hand  Weapon/Thr  eat 


0  1 - - - * - * - — 

0  200  400  600  800 

Frame  (30/s) 

14e.  Hand  Weapon/No  Threat 


0 

0  200  400  600  800 

Frame  (30/s) 


UNCLASSIFIED-  Approved  for  Public  Release  31 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


"""  Leading  Edge  Comparison 


„  National 
OuaUty 
Award 

2007  Award 
Recipient 


0  100  200  300  400  500  600  700  800  900 

Frame  (30/s) 

UNCLASSIFIED-  Approved  for  Public  Release  32 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Average  Leading  Edge 


No  Control  Force  Present 


-  Baseline 

Standoff  Weapon  Threat 
Hand  Weapon  Threat 
Standoff  Weapon  No-Threat 
-  Hand  Weapon  No-Threat 


RDECOM 


line  Vector  Field 


Crowd  Behavior  Vector  FieM:  Baseline 


UMnMI^r 

National 


Quality 

Award 


2007  Award 
Recipient 


Goal  End 


Start  End 


UNCLASSIFIED-  Approved  for  Public  Release  33 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


„  National 
OuaUty 
Award 

r  2007  Award 
Recipient 


Baseline  Vector  Field 


Baseline:  Stream  lines 


Goal  End 


UNCLASSIFIED-  Approved  for  Public  Release  34 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


HOECOM^  M 

Vector  Fields 

rhecom^  N o  Threat  Streamlines 


Hand-to-Hand  Combat  Weapon 


Stand-off  Weapon 


MArim  HaUrtor 

National 


Quality 

ward 


Awari 

2007  Award 
plant 


<j) 

i— 

a; 

i 

<D 


£ 


meters 


</) 

a; 

i 

<D 


E 


meters 


UNCLASSIFIED-  Approved  for  Public  Release  36 

TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


